Educational attainment is an important factor in determining an individual's progression through life. Those diagnosed with cancer in childhood undergo traumatic emotional experiences and treatments that may affect educational attainment. During recent decades , there have been substantial improvements in childhood cancer survival (1), resulting in increased numbers of survivors and a focus on the "quality" of survival among these individuals. Educational attainment is an important social outcome affecting quality of survival.
Educational attainment is an important factor in determining an individual's progression through life. Those diagnosed with cancer in childhood undergo traumatic emotional experiences and treatments that may affect educational attainment. During recent decades , there have been substantial improvements in childhood cancer survival (1) , resulting in increased numbers of survivors and a focus on the "quality" of survival among these individuals. Educational attainment is an important social outcome affecting quality of survival.
Most previous studies of educational attainment among childhood cancer survivors have not been population based and included small sample sizes. Only four independent studies (2-5) included more than 1000 survivors. Of four studies performed in the United Kingdom, three (6) (7) (8) had extremely small sample sizes (n = 37, 48, and 102, respectively) and were published before 2000; the fourth study (5) , although larger (n = 1104) and published in 2006, did not include a comparison group and only recorded prevalence of learning difficulties extracted from long-term follow-up clinic records.
The British Childhood Cancer Survivor Study (BCCSS) provides the first opportunity to consider educational attainment, both in secondary school and at higher educational levels, among a large population-based cohort, including most adult survivors of childhood cancer in Great Britain. This study aimed to identify factors that influence educational attainment and to investigate whether educational attainment in survivors differs from that of the general population.
Methods
The BCCSS, described in detail elsewhere (9) , is a populationbased long-term follow-up study of the survivors of childhood cancer who were diagnosed in Great Britain between 1940 and Article educational Attainment Among Adult Survivors of childhood cancer in Great Britain: A Population-Based cohort Study
Background
Previous studies of educational attainment among childhood cancer survivors were small, had contradictory findings, and were not population based. This study investigated educational attainment in a large populationbased cohort of survivors of all types of childhood cancer in Great Britain.
Methods
Four levels of educational attainment among 10 183 cancer survivors-degree, teaching qualification, advanced (A') levels, and ordinary (O') levels-were compared with expected levels in the general population. A questionnaire was used to obtain educational attainment data for survivors, and comparable information for the general population was available from the General Household Survey. Factors associated with level of educational attainment achieved by cancer survivors were identified using multivariable logistic regression together with likelihood ratio tests. Logistic regression adjusting for age and sex was used for comparisons with the general population. All statistical tests were two-sided.
1991 and subsequently survived at least 5 years. The cohort of 17 981 five-year survivors was identified through the populationbased National Registry of Childhood Tumours. Where possible, a study questionnaire was sent via general practitioners to all eligible survivors. To be eligible, survivors had to be alive, still resident in Great Britain, and aged at least 16 years by September 17, 2006 . Of 14 836 eligible survivors (9) , 70.7% (10 488) returned a completed questionnaire and were included in this analysis. Appropriate ethical approval was obtained for the study (West Midlands Multi-centre Research Ethics Committee approval followed by approval from all Local Research Ethics Committees nationally, 212 in total).
Educational attainment was obtained by providing survivors with an ordered list of different groups of qualifications, starting with the highest level of education considered (university degree or higher), and survivors were asked to indicate the first group that included a qualification they had attained. The questionnaire can be viewed in full at "www.bccss.bham.ac.uk." The qualifications included on the BCCSS questionnaire were the same as those included in the General Household Survey (GHS) to enable the BCCSS data on educational attainment to be compared directly with those of the general population of Great Britain. The GHS started in 1971 and is an annually reported multipurpose continuous survey carried out by the Office for National Statistics to collect information on a range of topics from people living in private households in Great Britain. The information is used by government departments and other organizations, such as educational establishments, businesses, and charities, to contribute to policy decisions and for planning and monitoring purposes. Information on the highest educational qualification attained was available for 10 183 survivors. The general population data were taken from the 2002 GHS (10) because this was the year in which the majority of BCCSS questionnaires were completed. Data on educational attainment were available for 12 575 individuals aged at least 16 years who participated in the GHS. For further information on the 2002 GHS, please go to www.dh.gov.uk/en /publicationsandstatistics/publishedsurvey/listofsurveysince1990 /surveylistlifestyle/DH_4055122.
Level of educational attainment was considered using four outcome variables. Each outcome variable was the proportion of individuals reaching at least the specified level of educational attainment-university degree or higher (subsequently referred to as degree), teaching qualification or equivalent (subsequently referred to as teaching qualification), advanced levels or equivalent (subsequently referred to as A'levels), and ordinary levels graded A-C or equivalent (subsequently referred to as O'levels). O'levels or equivalent are the qualifications usually obtained at the end of compulsory schooling in Great Britain at the age of 16 years. A'level examinations are usually taken after a further 2 years of school education at the age of 18 years. For each level of educational attainment, individuals who had not reached the usual age for obtaining such a qualification at questionnaire completion were excluded from the analysis. The ages used for inclusion in the different analyses were at least 21 years for degree or teaching qualification, at least 18 years for A'levels, and at least 16 years for O'levels. For each outcome, information was available on whether or not each survivor had obtained at least one qualification at the
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Prior knowledge
Childhood cancer may result in both physical and psychological damage that affects survivors' long-term quality of life. Level of educational attainment can be used as a quality-of-life measure, but previous studies of educational achievement by childhood cancer survivors were small and not population based.
Study design
A cohort of 10 488 five-year survivors of all types of childhood cancer, diagnosed between 1940 and 1991, completed a British Childhood Cancer Survivor Study Questionnaire on educational attainment at two levels of secondary school (advanced and ordinary levels), teaching qualification, and university degree. Survivors' educational achievement was also compared with that of the general population with data collected from the General Household Survey of Great Britain.
Contribution
Overall, survivors of childhood cancer experience a deficit in educational attainment compared with the general public. Among survivors of different types of childhood cancers, only those with central nervous system neoplasms, especially if cranially irradiated, and irradiated leukemia survivors performed more poorly than the general population. Specific groups at risk are females, those with a previous CNS tumor, those diagnosed with epilepsy or who suffer repeated seizures, and those younger at diagnosis.
Implications
Periodic cognitive assessments as well as educational support and counseling may benefit those survivors at greatest risk for low educational achievement.
Limitations
Different types of chemotherapy could not be separately analyzed. It was not possible to consider nonirradiated leukemia survivors separately, as almost all leukemia patients between 1940 and 1991 were cranially irradiated. Treatments have changed substantially since 1991; therefore educational performance of more recently treated survivors must be assessed separately.
From the Editors
specified level; information on subject studied or the number of qualifications attained at that level was not available.
For each of the four levels of educational attainment, a variety of potential explanatory factors were considered. These included sex; childhood cancer type; age at diagnosis; whether diagnosed with a second primary tumor; whether diagnosed with epilepsy or repeated seizures; whether diagnosed with at least one hearing problem (hearing loss requiring a hearing aid, deafness in one or both ears not completely corrected by a hearing aid, complete deafness in either ear, or problems hearing sounds, words, or language in crowds); whether diagnosed with at least one serious visual problem (registered as blind or trouble seeing with one or both eyes even when wearing glasses); and treatment exposure (chemotherapy and surgery recorded as dichotomous factors [yes, no] and radiotherapy [RT] recorded as a factor with three levels [cranial RT, other [noncranial]RT, no RT]). For each of the potential explanatory medical conditions considered, age at diagnosis was taken into account by considering survivors first diagnosed by the age at which an individual would normally obtain the qualification in question, separately from those diagnosed after such an age.
Statistical Analysis
To identify the factors associated with educational attainment among British survivors of childhood cancer, we used multivariable logistic regression modeling, including all the potential explanatory factors identified a priori and described above. Tests for heterogeneity (based on the likelihood ratio statistic) were used to investigate the influence of each specific factor on educational attainment at each level, having adjusted for all the other factors. For the potential explanatory factors where the levels have at least ordinal properties, a likelihood ratio test for both linear trend and departure from linearity was also performed.
Logistic regression adjusting for age and sex was used to compare levels of educational attainment within the survivor population with those of the general population of Great Britain for each of the four outcome variables considered. In the sampling procedure used for the GHS, households are selected, and everyone within a selected household is interviewed (11) . Inevitably, the educational attainments of individuals within households tend to be more homogeneous than educational attainments between households, and therefore, it is important to take account of this intrahousehold homogeneity in the analysis. To take this household clustering within the GHS into account, a generalized estimating equation logistic regression model (12) was used. A weighting factor introduced into the GHS by the Office for National Statistics in 2000 was used for GHS data, both to compensate for nonresponse in the GHS and to match the GHS sample to known population distributions (11) .
Patterns of educational attainment since 1940 have been substantially different among men and women (13) . Thus, at each of the educational levels considered, a likelihood ratio test for an interaction between sex and age at questionnaire completion was undertaken for the models included in the internal analyses. None of these tests proved statistically significant at the 1% level, and only the degree level showed statistical significance at the 5% level. Sex and age were therefore included in all models as independent main effects. To investigate whether or not the worse performance of central nervous system (CNS) tumor and leukemia survivors is still evident in more recently diagnosed individuals, we considered younger survivors separately. Therefore, the same analyses were performed including only those aged 34 years and younger at questionnaire completion for the survivor cohort and at participation in the GHS for the general population data. Because of the large sample sizes of both the survivor cohort and the general population comparison dataset, a statistical significance level of 1% (two-sided) was used for both the internal and the external comparisons to concentrate on findings likely to be robust. All associations reported in the "Results" section were statistically significant at this level. It should be noted that, as the prevalence of each of the education outcomes considered is greater than 10%, odds ratios (ORs) will (if interpreted as relative risks) exaggerate the value of the true underlying relative risks. results Table 1 shows frequencies and percentages of educational attainment across the four levels considered in relation to the demographic, cancer, treatment, and medical condition characteristics included as potential explanatory factors. The four levels of attainment were distributed as follows: 17.9% of the survivors had a degree, 29.0% had at least a teaching qualification, 46.6% had at least one A'level, and 70.4% had at least one O'level.
Internal Comparisons
Factors Influencing Attainment of a Degree or Teaching Qualification. Percentages of survivors with a degree or teaching qualification are shown in Tables 2 and 3 , respectively, across all considered factors. Age at questionnaire completion, childhood cancer type, age at cancer diagnosis, and diagnosis with epilepsy or repeated seizures (subsequently referred to as epilepsy) were each found to influence whether or not survivors obtained a degree and, separately, at least a teaching qualification. Obtaining a degree was also influenced by the sex of survivors. Survivors older than 29 years were increasingly less likely to obtain a degree (P trend < .001) or a teaching qualification (P trend < .001) with increasing age. Survivors of retinoblastoma, soft tissue sarcoma, and those in the "other" neoplasm group were statistically significantly more likely to obtain a degree or teaching qualification than CNS tumor survivors. The odds of obtaining a degree or teaching qualification was lowest in individuals who had been diagnosed with cancer at 1-4 years of age. Survivors diagnosed with epilepsy were less likely to obtain either qualification than those without such a diagnosis. Female survivors were less likely than male survivors to have a degree. Tables 4 and 5 , respectively. Factors found to influence both levels included age at questionnaire completion, childhood cancer type, RT treatment, age at cancer diagnosis, and diagnosis with epilepsy. A'level attainment was also influenced by sex. There was no evidence of a difference between the youngest three age groups (all younger than 30 years at questionnaire completion) in relation to the odds of obtaining either at least one A'level or at least one O'level. However, for those aged 30 years and older, the odds of having achieved these qualifications were consistently less than among younger survivors. Survivors of retinoblastoma, leukemia, and those in the "other" neoplasm group were more likely to obtain at least one A'level or O'level than CNS tumor survivors. Cranially irradiated survivors were less likely than survivors who received no RT to get at least one A'level or O'level. The odds of obtaining an A'level was lowest among those who had been diagnosed with cancer at 1-4 years of age, whereas the odds of obtaining an O'level increased with increasing age at cancer diagnosis. Survivors diagnosed with epilepsy were less likely to obtain either qualification than those without such a diagnosis. Female survivors were less likely than male survivors to obtain at least one A'level.
Although in general, the same factors were associated with each level of attainment, some factors found to be associated when the .73
* Percentages of survivors with a degree across potential explanatory factors. Unadjusted odds ratios and adjusted odds ratios with 99% confidence intervals and P values (two-sided) from logistic regression of proportion of survivors with a degree on specific factors. CI = confidence interval; CNS = central nervous system; OR = odds ratio. whole cohort was considered were no longer associated when only younger survivors were considered. Specifically, when survivors who were younger than 35 years at questionnaire completion were considered independently, no association was found for sex in relation to obtaining a degree or an A'level, childhood cancer type at all levels, and epilepsy in relation to obtaining a degree (Table 6) . However, a comparison of individual odds ratios from the overall and reduced datasets shows them to be similar. This is strongly suggestive of inadequate power in the reduced dataset explaining the observed differences.
External Comparisons
When the survivors overall were compared with the general population of Great Britain, at each level of educational attainment investigated, the survivors were found to perform worse (P < .001).
The odds of all survivors obtaining a degree, a teaching qualification, an A'level, or an O'level were 77%, 85%, 85%, and 81%, respectively, of that expected from the general population ( (Table 7) . When these overall deficits were considered by childhood cancer type, it became apparent that, at all levels, they were restricted exclusively to CNS tumor and leukemia survivors. In Table 7 , CNS tumor survivors treated with RT are presented separately from those known to have not received it. In addition, cranially irradiated leukemia survivors are identified as a distinct group. In the BCCSS cohort, there were insufficient leukemia survivors known to have been unexposed to RT for separate meaningful assessment. In comparison to the general population, deficits were observed for CNS tumor survivors at all educational levels, among both those exposed and unexposed to RT; however, those treated with RT consistently revealed greater deficits. Cranially irradiated leukemia survivors also consistently performed worse than the general population. Within each level of educational attainment, the odds ratios for achievement among CNS tumor survivors exposed to RT ranged between 50% and 74% of those observed among cranially irradiated leukemia survivors or nonirradiated CNS tumor survivors. There was no statistically significant evidence of a deficit among survivors of any other type of childhood cancer. By contrast, bone sarcoma and retinoblastoma survivors were more likely than expected from the general population to obtain at least one O'level (ORs 1.7-and 1.4-fold over expected, respectively). When individuals aged 35 years and older were excluded from the analysis, the only difference observed was for retinoblastoma survivors, who were no longer more likely than expected to obtain at least one O'level.
Discussion
Factors within this childhood cancer survivor population-based study that were found to be associated with lower levels of educational attainment included having cranial irradiation, having a previous CNS tumor, being older at questionnaire completion, younger at diagnosis, being female, and diagnosis with epilepsy. When compared with the general population, deficits were .76
* Percentages of survivors with a teaching qualification or above across potential explanatory factors. Unadjusted odds ratios and adjusted odds ratios with 99% confidence intervals and P values (two-sided) from logistic regression of proportion of survivors with a teaching qualification or above on specific factors. CI = confidence interval; CNS = central nervous system; OR = odds ratio.
Table 3 (continued).
observed among childhood cancer survivors at all levels of education. However, further analysis revealed that the statistically significant deficits associated with being a childhood cancer survivor were confined to survivors of CNS neoplasms and leukemia. For leukemia survivors, only those who had received cranial irradiation were included because the number of survivors known to have been unexposed to RT was insufficient for separate meaningful analysis. Across the four levels considered, the odds ratios for educational attainment in CNS tumor survivors exposed to RT ranged between 50% and 74% of those observed among both cranially irradiated leukemia survivors and nonirradiated CNS tumor survivors. The odds of achievement by the latter two groups ranged between 58% and 77% of that expected from the general population. The odds of achievement for CNS tumor survivors exposed to RT ranged between 31% and 46% of that expected. Reassuringly, for other types of childhood cancer, there was no evidence of a deficit in educational performance compared with the general population. In fact, it was gratifying that both retinoblastoma and bone sarcoma survivors were more likely than expected from the general population to complete compulsory schooling, having attained at least one O'level. When younger survivors (<35 years of age) were considered separately, the outcomes were found to be broadly similar. The impact of the childhood cancer experience on cognitive ability and educational attainment has been investigated in several studies with contradictory outcomes. Studies to date have used a variety of outcome measures (3,5,14-16), with many studies (14,17,18) only assessing cognitive ability of survivors during fulltime education, and of those that have considered educational attainment, many (16, (19) (20) (21) (22) have only been able to include a limited period of follow-up. Most studies have suffered from small sample sizes and the fact that the study population involved survivors diagnosed at a single center.
This study compared long-term educational attainment of survivors of all types of childhood cancer with that of the British general population. Several of the studies discussed below have compared survivors with a sibling cohort (3, 4, 23) . Comparison of survivors with siblings is potentially problematic because the cancer diagnosis in the survivor will inevitably affect the whole family, including siblings. A review of the literature relating to siblings of children with cancer (24) reported that research has clearly shown that the childhood cancer experience may increase feelings of stress in siblings and sometimes lead to decreased psychosocial competencies and increased psychopathologies. Such outcomes among siblings may well have a negative impact on their educational performance. The cancer diagnosis experience may therefore influence educational attainment in both survivors and their siblings.
The BCCSS used self-reported educational attainment information. In the studies discussed below, some have used selfreported information (3, 4, 23) , whereas others have obtained education information from an official record (2, 21, 22, 25) . Although self-reported educational attainment may not be completely accurate, there is no reason to think that reporting is likely to systematically differ (be biased) among individuals diagnosed with different types of childhood cancer or among survivors of childhood cancer and either sibling or general population .22 (Table continues) comparison groups. The critical thing is that information is obtained using comparable methods for both survivors and controls. The present population-based study is the first, to our knowledge, to consider educational attainment separately for each type of childhood cancer. Only two other population-based studies of educational attainment have included a broad spectrum of cancer types, one that considered leukemia, lymphoma, CNS tumor, and neuroblastoma survivors separately, including all other diagnoses as one additional group (25) , and another that looked at CNS tumor survivors separately but included all other types of childhood cancer as one non-CNS tumor group. The latter study included 2384 survivors from Denmark, who were less than 20 years old when diagnosed between 1960 and 1996. It looked at completion of three levels of education: basic, youth, and higher (equivalent to O'level, A'level, and teaching qualification/degree, respectively) and compared the survivor group with a randomly sampled control cohort, with frequency matching on sex and date of birth from the Danish general population (2). Some findings were broadly similar to those of the BCCSS, but there were important differences in that the Danish study found no evidence of a difference between the overall survivor group and the control group (although in sex-specific comparisons, female deficits were observed) with regard to higher educational attainment. In contrast, we observed substantial deficits for both teaching qualification and degree in the BCCSS.
The other population-based study that included a broad spectrum of cancer types (25) examined school level educational attainment in British Columbia, Canada, at grades 10 and 12, equivalent to O'levels and A'levels in the United Kingdom. That study compared 782 childhood cancer survivors, diagnosed between 1975 and 1995, with a random sample of 8386 individuals (with the same distribution of sex and birth year as the survivor group) selected from British Columbia Ministry of Education records. In contrast to both the Danish study and the BCCSS, when survivors overall were compared with the control group, no statistically significant differences were observed either in the proportion achieving expectations for numeracy, reading, or writing at grade 10, or in achievement of grade 12 provincial examinations. However, in sexspecific comparisons, a deficit was observed for the proportion of female survivors achieving expectations for reading at grade 10. When diagnosis-specific educational outcomes were considered, the only deficits in comparison to the control group for the British Columbia study were observed among CNS tumor survivors in relation to the proportion achieving expected levels for numeracy and reading at grade 10. This is at variance with both the BCCSS and the Danish studies, in which deficits were also observed for CNS tumor survivors at each country's equivalent of grade 12 qualifications. However, when educational attainment of the British Columbia CNS tumor survivors was considered in relation to RT treatment, consistent with the findings from the BCCSS, those who had received cranial irradiation had the poorest outcomes. In the BCCSS, which also considered leukemia survivors treated with cranial irradiation as a separate group, deficits were observed at both levels of school education (A' and O'levels). This is in contrast to the leukemia survivors in the British Columbia study, for whom no statistically significant differences in school .75
* Percentages of survivors with an A'level or above across potential explanatory factors. Unadjusted odds ratios and adjusted odds ratios with 99% confidence intervals and P values (two-sided) from logistic regression of proportion of survivors with an A'level or above on specific factors. A'level = advanced level; CI = confidence interval; CNS = central nervous system; OR = odds ratio. level educational achievement were observed, but for whom no information was provided on treatments received. It is therefore possible, especially bearing in mind that the survivor group only included individuals diagnosed since 1975, that a smaller proportion were treated with cranial irradiation, which might explain the observed difference in educational attainment of leukemia survivors in the two studies. Educational attainment was considered in two North American studies that, although not population based, included at least 2000 survivors taken from multiple centers (3, 4) . Both studies compared high school completion (equivalent to A'level attainment in Britain) and college graduation (equivalent to degree in Britain) among survivors with those of a sibling control group. In the study by Kelaghan et al (4) , no difference in the proportion completing high school was observed between the survivors overall and the sibling control group. When considered by diagnostic group, only CNS tumor survivors were found to be less likely to complete high school. In contrast, the BCCSS observed a deficit in A'level attainment among survivors overall compared with the general population, as well as deficits for both leukemia and CNS tumor survivors specifically. These variations in findings may be explained by the composition of the survivor groups; the American study cohort included smaller proportions of both diagnostic groups in which deficits were observed in the BCCSS (16% vs 22% CNS tumor survivors and 2% vs 25% leukemia survivors). Alternatively, the differences may be explained by the use of a sibling control group in the American study because the cancer experience is likely to affect the whole family and, as suggested earlier, may have a negative impact on educational attainment in both survivors and siblings.
In the North American study based on data from the Childhood Cancer Survivor Study (CCSS) (3), when educational attainment was considered by cancer type, as for the BCCSS, deficits at both the high school and college level were observed for CNS tumor and leukemia survivors. Moreover, in the CCSS, deficits were also observed at both levels considered for neuroblastoma survivors, at high school level for survivors of non-Hodgkin lymphoma, and at college level for kidney tumor survivors. The identification of additional diagnostic groups with education deficits by the CCSS in comparison to the study by Kelaghan et al. (4) probably results from the increased power of the CCSS, which included 12 430 survivors compared with 2283 in the other study. Likewise, given the number of leukemia survivors included in each study (Kelaghan et al. , N = 43; CCSS, N = 4213), the fact that no deficit was observed for leukemia survivors in the study by Kelaghan et al. is not surprising.
In the two largest available studies considering educational attainment specifically in leukemia survivors, data were collected in the United States and Canada (23) (n = 593) and in Finland (21) (n = 371). The US and Canadian study identified survivors through 23 institutions and compared their educational attainment with that of a sibling control group. No differences between the two groups were observed in relation to the proportion graduating from high school, the proportion entering college, or the proportion obtaining a degree. This is at variance with the deficits observed for degree and A'level in the BCCSS, in which cranially irradiated leukemia survivors were compared with the general population. * Adjusted odds ratios, 99% confidence intervals, and P values (two-sided) from logistic regression of proportion of survivors younger than 35 years with the specified level of educational attainment or above are presented for factors that showed a significant association for the entire cohort but for which no significant association was observed in the restricted analysis. CI = confidence intervals; CNS = central nervous system; OR = odds ratio. * Odds ratios, 99% confidence intervals, and P values (two-sided) for adult survivors of childhood cancer having attained four specified levels of educational attainment compared with the general population of Great Britain, overall and by childhood cancer type, from a generalized estimating equation logistic regression model taking into account the GHS weighting factor and controlling for age and sex; survivors treated with and without radiotherapy are considered separately for CNS neoplasms. CI = confidence interval; CNS = central nervous system; GHS = General Household Survey; OR = odds ratio; RT = radiotherapy. † Population data from the GHS (2002) was used for the reference group (10) . ‡ There were insufficient leukemia survivors known to have been unexposed to cranial irradiation for separate meaningful assessment. § Excludes survivors for whom no record is available regarding radiotherapy.
However, as suggested earlier, these apparent differences may result from the studies using different comparison groups. The study in Finland (21) identified survivors from the Finnish Cancer Registry and compared them with a general population control group matched on age, sex, and municipality at diagnosis. The average overall mark achieved in the Ninth Grade report (equivalent to the end of compulsory education in Great Britain at the age of 16 years) was then compared between the two groups. The outcomes of that study were very similar to those of the BCCSS in relation to irradiated leukemia survivors. The study in Finland also considered leukemia survivors who did not receive cranial irradiation as a separate group. It reported better than expected educational attainment in the female survivors unexposed to cranial irradiation and at least 7 years old at diagnosis. This study of leukemia survivors in Finland is the only study, of those considered, to have reported a better educational performance in survivors compared with controls, but this observation relates to a very specific group of survivors. A similar study (22) was undertaken in Finland among 300 brain tumor survivors, and, as in the BCCSS, the educational performance of CNS tumor survivors treated with or without RT was statistically significantly worse than that of the control group.
In addition to the general population comparison, factors within the BCCSS survivor population that influenced educational attainment were also investigated. In previous studies reporting on factors associated with a lower level of educational attainment, there has been clear inconsistency in the findings with individual studies identifying different risk factors: cranial irradiation treatment (3, 4, (21) (22) (23) 25, 26) , younger age at diagnosis (2, 4, (21) (22) (23) , CNS tumor diagnosis (2) (3) (4) 22, 25) , and female sex (2, 13, 21, 22, 26) . This, the largest population-based study available, to our knowledge, has considered all of the above factors, and poorer educational outcomes were associated with each one. In addition, diagnosis with epilepsy or repeated seizures and being older (probably explained by the increasing tendency for continued education in Britain since 1940) have been identified as additional risk factors.
This study has some potential limitations. Because of continual advances in cancer therapies, the findings of this study may not be applicable to individuals who were diagnosed after 1991. One pertinent change for leukemia survivors over the past 20 years is the replacement of prophylactic CNS irradiation (received by the vast majority of BCCSS leukemia survivors for whom treatment information was available) with intrathecal chemotherapy. However, CNS tumor survivors are still treated with cranial irradiation, and there is growing evidence to suggest that intrathecal chemotherapy can cause substantial neuropsychological deficits in some patients (27) . Although treatment with chemotherapy was not found to be an explanatory factor for educational attainment among survivors, it was only possible to consider chemotherapy overall and not by drug name or type. Information on educational attainment was only available for survivors who completed the appropriate question on their returned questionnaire. If levels of attainment were different in survivors, not returning a questionnaire or those who did not complete the education question, then the results would only apply to survivors for whom information was available. There is no obvious reason for thinking that levels of education achievement differ substantially between responders and nonresponders. A comparison of responders and nonresponders in relation to the demographic and cancer-related factors included in the analysis (9) found that the response rate did not vary importantly across these factors. In addition, in this study, the relevant factors were included in the multivariable modeling and therefore were adjusted for in an appropriate way.
These results provide grounds for concern for survivors of CNS neoplasms and those with leukemia who were cranially irradiated, as well as reassurance regarding educational attainment among all other survivors. The adjusted model showed that groups at an increased risk of poorer educational outcomes are CNS tumor survivors, female and older survivors, those diagnosed at younger ages, individuals treated with cranial irradiation, and those diagnosed with epilepsy or repeated seizures. Individuals responsible for the care of these survivors should be aware of the groups at greatest risk. To minimize future deficits and to help these survivors achieve their full educational potential, a dialogue between medical services and education providers is needed to ensure availability of additional support when needed.
Guidelines for long-term clinical follow-up have only recently (over the past 5 years) been developed in both Great Britain (28, 29) and the United States (30) . These guidelines should be reviewed and updated regularly to ensure consistency with current evidence. The three sets of guidelines are inconsistent in relation to cognitive and/or neurological function and educational progress. The most recent American guidelines (30) recommend annual psychosocial assessment, with attention to educational and/or vocational progress, for any cancer experience. For individuals treated with specific chemotherapeutic agents, brain neurosurgery, and cranial irradiation, referral for periodic formal neuropsychological evaluation and/or annual evaluation of cognitive, motor and/or sensory deficits are also recommended. The guidelines produced by the Scottish Intercollegiate Guidelines Network (28) recommend that children diagnosed with cancer and due to receive cranial irradiation undergo annual cognitive assessment. The guidelines produced by the United Kingdom Children's Cancer Study Group Late Effects Group (now the Childhood Cancer and Leukaemia Group Late Effects Group) (29) identify CNS tumor survivors, cranially irradiated leukemia survivors, and survivors treated at a young age to be at higher risk of later neuropsychological effects, but psychological assessment is only recommended if concern about a child's progress is raised either by parents or by teachers. Specifically for CNS tumor survivors, inquiring at long-term follow-up about schooling and education with the consideration of referral to a psychologist or an educational welfare team is recommended.
The BCCSS does not provide evidence to support universal monitoring of educational progress in childhood cancer survivors. However, the educational deficits observed among all CNS tumor survivors irrespective of treatment and cranially irradiated leukemia survivors suggest that regular cognitive assessment is justified to detect any cognitive impairment as early as possible and to monitor changes during development. Such assessment is strongly supported by a recent article on optimization of educational/vocational outcomes in childhood cancer survivors (31) . Two types of intervention aimed at ameliorating neuropsychological deficits occurring after anticancer treatment of the CNS, involving pharmacological and cognitive rehabilitation approaches, are in relatively early stages of development (27) . Such interventions need to be developed and evaluated as the implementation of effective interventions is needed to minimize long-term effects on educational attainment in vulnerable survivors of childhood cancer. 
